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(m) Animation of hydrogen sulfate esters of hydroxyalkyl tertiary amines. 

© Ditertiary amines are formed in high yield by reacting 
hydrogen sulfate esters of tertiary alkanol amines with 
excess of secondary amine at temperatures below 100X. in a 
preferred embodiment the hydrogen sulfate ester of N- 
hydroxyethyl morpholine is reacted with dimethylamine. 
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AM I NATION OF HYDROGEN SULFATE ESTERS 
OF HYDROXYALKYL TERTIARY AMINES 

TECHNICAL FIELD 

The present invention relates to the preparation 
of ditertiary amines and is particularly concerned with 
methods for selectively synthesizing the desired products 
at high yields. 

5 BACKGROUND OF THE PRIOR ART 

Ditertiary amines are useful products as curing 
agents and catalysts for polyurethanes , epoxies and 
other thermoset plastics. Among the starting materials 
found attractive on an industrial scale for the prepar- 

10 ation of ditertiary amines are hydroxyalkyl tertiary 

amines. These tertiary amines are usually converted to 
the ditertiary amine compounds by a gas phase process 
employing noble metal catalysts and high temperatures. 
Such processes, unfortunately, result in excessive 

15 disproportionation and/or cracking of the starting 

material and the product, thereby reducing selectivity 
for production of the desired ditertiary amine and 
creating other undesirable amine products that must be 
disposed of. Other potential routes for the production 

20 of ditertiary amines as by suggested liquid phase 

processes, usually involve numerous steps that make the 
manufacture relatively costly and at times involve the 
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use of intermediates that are difficult to handle, such 
as alkyl chlorides, chloroethyl ethers or chloroethyl 
amines. In addition, certain of these intermediates 
are hazardous, such as those of the chloroethyl morpho- 
line type, which is among the nitrogen mustards. 

An article by E. Cherbuliez et al. published in 
Helvetica Chimica Acta (Vol. 47, Fasiculus 7 (1964) - 
No. 234, at pages 2106-2112) describes research on the 
ester if icat ion of amino alcohols with sulfuric acid. The 
obtained esters provide an intermediate for the synthesis 
of alkylene imines. Among the reactions described in the 
publication is neutralization of triethanol amine with 
sulfuric acid followed by heating the obtained addition 
salt at 190°C under vacuum, obtaining at first bis 
(hydroxyethyl) amino ethyl sulfuric ester, which on 
further heating is reported to be cyclicized to form 
morpholine N-hydroxy-ethyl hydrogen sulfate. 

German Patent No. 744.996 (1944) discloses a 
general method stated to be applicable for the prepar- 
ation of certain acyclic and heterocyclic ditertiary 
anines. By the methods described in the patent, acid 
sulfate esters of lower hydroxyalkyl . amines , or inner 
salts thereof, are reacted at elevated temperature and 
superatmospher ic pressure with ammonia or with primary 
or secondary aliphatic amines or with secondary nitrogen 
ring bases. The reaction of the amine with the amino 
alkyl sulfuric acid compound is carried out in an auto- 
clave for 12 to 16 hours at temperatures in the range 
of 160-190°C. Among the examples of the German patent, 
there is described the synthesis of N-(B-aminoethyl } 
piperidine by reaction of piperidine with B-aminoethyl 
sulfuric acid in an autoclave for 14 hours at 170°C. 
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SUMMARY OF THE INVENTION 

It has now been unexpectedly found that high 
yields of desired tertiary amines can be obtained by 
reaction of a secondary amine, preferably a short chain 
5 dialkyl amine, with the hydrogen sulfate ester of a 

tertiary alkanol amine, if the reaction is carried out 
at temperatures below 100°C, particularly at a tempera- 
ture in the range of 50-80°C and by employing a large 
excess of the secondary amine. The general reaction 
10 scheme is illustrated by the eguation below as applied 
to the amination of the hydrogen sulfate ester of a 
hydroxyalkyl tertiary amine with a dialkyl amine: 



15 / 



N (CH 2 ) CH 2 — OS0 2 OH+ 



CH 2 Y 



CH 2 Y 



CH 0 Y 

A / 2 

J 2 x 2 \ 24 



20 CH 2 Y 

wherein x is 1 to 2 and Y is H or CH 3 . 

Thus, by reaction of the hydrogen sulfate ester of ^ ' 

N-hydroxyeth'Sy, morpholine with dimethyl amine there is / ^ - „ r- 

obtained the tertiary amine, N- ( dimethyl amino^e thy 1 ) 
25 morpholine (DMAEM), a commercial catalyst, one brand of 
which is known in the trade _as "DABCO XDM" . 

DETAILED DESCRIPTION OF THE INVENTION 

Any of the known methods of the prior art may be 
employed for forming the intermediate sulfate ester of 
30 the hydroxyalkyl tertiary amine. For example, the 

desired sulfate ester intermediate for production of 
the ditertiary amine derivative of morpholine can be 
obtained by the following steps: 



BNSOOCID: <£ P 008S367A 1 J _> 



0085367 

4 

1- Reacting morpholine with ethylene oxide at 
50-100°C in aqueous solution, obtaining 
yields in excess of .90+%. 

2. Adding concentrated sulfuric acid to the 

crude N-hydroxyethyl morpholine (HEM). Since 
removal of water favors the reaction, this 
may be accomplished with the use of xylene as 
an azeotrope or by carrying out the esterifi- 
cation under moderate vacuum. 

For conversion of the sulfate ester of the hydroxy- 
alkyl tertiary amine to the desired ditertiary compound, 
it is dissolved in water and excess dialkylamine added 
to the solution. The mixture is heated for several 
hours at below 100°C, preferably at a temperature not 
in excess of 80°C. The desired ditertiary amine product 
is recovered by addition of sodium hydroxide followed 
by solvent extraction and atmospheric distillation. 

The hydrogen sulfate esters of alkanol amines are 
unstable in aqueous solution at temperatures above 
about 100°C. At such higher temperatures these esters 
will undergo a hydrolysis reaction reverting back to 
the starting hydroxylamines . It is therefore important 
to carry out the amination at below 100°C and preferably 
below 80°C. 

When the secondary amine is added in stoichiometric 
proportion to the hydrogen sulfate ester of the alkanol- 
amine, the reaction does not go to completion since 
some of the secondary amine is tied up as ammonium 
sulfate. It is therefore advocated, in accordance with- 
the invention, that a large excess of the secondary 
amine be used to assure the desired higher yields of 
the ditertiary amine product- The large excess of 
secondary amine is also helpful since part of it is 
needed to free the product from its sulfuric acid salt. 
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Example 1 

In a laboratory scale program, the hydrogen sulfate 
ester of hydroxyethyl morpholine was reacted in agueous 
solution with dimethyl amine, in the proportions of 2 
mols dimethyl amine per mol of ester. The reaction was 
carried out at 50°C. 

An 80% yield of ditertiary amine was obtained as 
determined by gas-liquid chromatography (glc). 

Table 1 below compares the above yield with that 
of other runs made under listed conditions outside of 
those advocated by the present invention. 

TABLE 1 



Molar ratio % yield 

DMA/sulfate ester Reaction T ditertiary 

Example of HEM °_C amine 

1 2.0 50 80 

2 3.12 125 48 

3 0.94 80 50 

4 1.08 125 20 



It will be seen from the above table that at 
temperatures above 100°C or in the absence of a sufficient 
excess of the secondary amine., comparatively low yields 
of the desiref ditertiary amine were obtained. 

It will be understood that other secondary amines 
can be reacted with sulfuri-c esters of N-hydroxy alkyl 
morpholine or with such esters of other hydroxyalkyl 
N-hetero tertiary amines, in the same manner and substan- 
tially under the same conditions advocated herein. 

Further improvement in yield of desired diteriary 
amine may be achieved by adding the dry hydrogen sulfate 
ester to an aqueous solution of the secondary amine, 
thus minimizing the hydrolysis of the ester. ' 
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What Is CJ aimed : 



1 . The method of producing ditertiary amines 
which comprises reacting a hydrogen sulfate ester of a 
tertiary alkanol amine with a stoichiometric excess of 
a secondary amine at temperatures below 100°C . 

2. The method as defined in Claim 1 wherein the 
reaction is carried out at a temperature in the range 
of about 50°-80°C. 

3. The method as defined in Claim 1 wherein said 
secondary amine is a short chain dialkylamine. 

4 . The method as defined in Claim 1 wherein said 
secondary amine is dimethyl amine . 

5. The method as defined in Claims 1, 2, 3 or 4 
wherein said sulfate ester is that of a tertiary alkanol- 
amine in which the teruary N of the amino group is 
linked to carbon in a ring compound arrangement. 

6. The method according to Claims 1, 2, 3 or 4 
wherein said sulfate ester corresponds to the formula. 



N (CH 2 ) CH 2 — OS0 2 OH 



x 



wherein the nitrogen atom of the formula is part of a 
heterocyclic ring and x is 1 or 2 . 

7. The method according to claims 1 , 2 , 3 or 4 
in which the sulfate ester is that of N-hydroxyethyl 
morphol ine . 

8. The method which comprises reacting^N-hydroxy- ffT4^^ 
ethyl morpholine with an excess of short chain dialkyl^) ^ 

amine at a temperature of no greater than about 80°C 5 0 JOm . £ 2__ 
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and recovering the ditertiary nitrogen morpholine 
compound thus formed. 

9. The method as defined in Claims 8 wherein 
said short chain dialkyl amine is dimethyl amine . 
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